Background: Application and consequences of hemodialysis treatment may differ between genders; focusing on these differences may be useful to optimize outcomes.
Introduction
The mortality risk in chronic hemodialysis patients is unacceptably high, with a 5-year survival rate of only 36% in incident cases [1] . Since many traits and also comorbidities differ significantly among the patients, individualization of therapy may be useful for improving outcomes. Accordingly, a tailor-made treatment protocol needs to consider gender-related differences, because not only demographic characteristics but also many clinical, laboratory and therapeutic features that may affect morbidity and mortality differ significantly between the two genders.
However, apart from a very recent Dialysis Outcomes and Practice Patterns Study (DOPPS) study [2] , no study had been specifically designed to search for sex-related differences in hemodialysis practice; the effects of gender on the dose of hemodialysis, erythropoietin requirements, vascular access and compliance have been reported only in the context of subgroup analyses [3] [4] [5] [6] . We therefore analyzed a large cohort of hemodialysis patients in order to investigate the effects of several variations on the outcomes in male and female cases.
Materials and methods

Study population
The European Clinical Database (EuCliD ® ) collects clinical, laboratory and prognostic parameters of hemodialysis patients who are being dialyzed in various centers of Fresenius Medical Care (FMC) localized in different countries since 2002 [7] . We obtained data on 1 999 648 hemodialysis sessions performed in 10 984 (3316 incident and 7668 prevalent) patients, dialyzed in 55 centers of FMC-Turkey. Patients with acute kidney injury were not included in the study. Incident patients were defined as those who had started maintenance hemodialysis treatment within the preceding 3 months in an FMC clinic, or in other dialysis centers, but moved to an FMC chain within the study period (between May 2009 and May 2012). Prevalent patients were defined as those receiving chronic hemodialysis for >3 months.
Participants were followed up until death or up to leaving of the FMC clinics for any reason. Thus, follow-up time was censored at the study end for patients who did not leave the facility. With regard to the mortality statistics, the data on patients who died within the first month after leaving the FMC chain were analyzed as well. By using this methodology, the time period when the patients were under observation and 1 month after leaving the FMC chain was included in the survival analyses.
Demographic data were retrieved from the patient files. Information regarding hemodialysis application was entered into the EuCliD database instantly via electronic data input devices ( personal digital assistant) and desktop computers by the attending nurses during each hemodialysis session. Laboratory data were imported to EuCliD directly from database of the laboratory service provider via an interface.
Data for the patients who had left FMC clinics were obtained by repeated, various types of communications between the FMC clinics' and new clinics' head nurses.
Measurements
Blood pressure was measured a minimum of five times (before, at hourly intervals and after) in each dialysis session. More frequent measurements were performed in the case of any subjective complaints, symptoms or complications. Monthly blood urea nitrogen, creatinine and potassium levels were measured in both predialysis and postdialysis serum samples. Serum glucose, sodium, calcium, phosphorus, total protein, albumin, alanine aminotransferase levels and hemogram were determined monthly in the predialysis serum specimens. Serum iron, iron binding capacity, ferritin, parathyroid hormone (PTH) and HbA1c levels were measured at 3-monthly intervals. All of the laboratory parameters were determined in four central laboratories, which were registered to several quality-control program audits and are certificated by international agencies at least twice per year.
Outcomes
The odds of achieving many clinical, therapeutic and laboratory targets, hospitalization and the probability of patient survival by gender were evaluated as outcome measures.
Statistical analysis
Descriptive statistics for all numeric variables, including means, standard deviations together with the proportions of all categorical variables, were calculated. Mann-Whitney U-test was used when the numeric variables did not distribute normally in the independent two groups. Differences between group proportions were examined by χ 2 analysis.
The probability of patient survival according to gender was estimated using a generalization of the Kaplan-Meier estimates. The survival of the patients who had achieved ideal (reference) targets was then compared with the patients who were characterized by lower or higher values than the reference with Kaplan-Meier log rank test.
The association between gender and mortality was assessed using Cox regression models adjusted for age, body mass index (BMI), and time period with end-stage renal disease and many comorbid conditions {including vascular access [ 
Results
Incident patients
Demographic features
Overall, there were 3316 incident patients; of these, 1905 were males and 1411 females. The total number of hemodialysis sessions in the incident patients was 399 954. Females underwent 176 142 sessions; this figure was 223 812 for the males.
Males were significantly younger compared with the females, while females had higher BMI values (Table 1) . When compared with the reference values, higher than ideal BMI was associated with better survival in both genders, while lower BMI was associated with a worse survival only in the males (Table 2) .
Overall dialysis vintage did not show a difference between males and females. Frequency of diabetic nephropathy was significantly higher among females. The number of patients being Dialysis practice AVF was the most frequently used vascular access type in both genders; it was even more frequently used in males when compared with females, while tunneled catheter usage was more frequent in females (Table 1) . AVF usage was associated with better survival in both genders when compared with central catheters; however, when compared with AVG as a vascular access, usage of AVF was characterized by better survival in males, but not in females (data not shown).
Interdialytic weight gain (IDWG)/dry weight was 2.7 ± 1.4 and 2.8 ± 1.4% in the females and males, respectively (P = 0.020). An IDWG/dry weight <1.4% was associated with worse survival in both genders; patients with IDGW/dry weight >4.2% were characterized by an unfavorable outcome as well, however, without significance ( Table 2 ). Predialysis systolic (130.6 ± 15.7 versus 126.7 ± 15.4 mmHg) and diastolic (77.6 ± 8.0 versus 76.4 ± 8.1 mmHg) blood pressures were higher (P < 0.001 for both analyses) in males when compared with the females. Lower blood pressures were associated with significantly worse survival in both sexes (Table 2) .
Kt/V values were higher in females (Table 1) ; both male and female patients with lower Kt/V values had worse survival when compared with the patients who achieved the target of 1.2. Higher Kt/V values were associated with better survival only in females (Table 2) .
Laboratory parameters, and erythropoiesis-stimulating agents and vitamin D usage Laboratory variables in both sexes are shown in Table 1 . In the univariate outcome analysis, which compares higher and lower values with the targets, the following findings were noted: males with lower or higher hemoglobin values were characterized by worse survival, although the latter did not reach significance (Table 2) . Low phosphorus values were associated with unfavorable survival in both sexes; males, but not females, were characterized by better survival with higher serum phosphorus. Lower and higher PTH values indicated a poor survival in both genders; however, this did not reach significance in male patients with high PTH values. Considering serum albumin, lower values were associated with poor survival in both genders ( Table 2) .
The percentage of patients who had been prescribed erythropoiesis-stimulating agents (ESAs) was higher in female patients (75.5%) when compared with male patients (73.9%), however without statistical significance (P = 0.305). Of note, despite vitamin D preparations having been prescribed more frequently (43.8 versus 38.2%) (P < 0.001), serum PTH levels were higher in the females. Glycemic control, determined by HbA1c levels, was similar in male (7.7 ± 1.7%) and female (7.7 ± 1.8) cases (P = 0.6).
Hospitalization and survival
Frequency of hospitalization was 33.0% in female patients, while this figure was 32.4% for the male patients (P = 0.7). 295 males and 199 females died among the incident patients, giving rise to mortality rates of 14.1% in female patients and 15.5% in male patients (P = 0.3). Survival rates within the first 3 months did not differ significantly between the two genders (data not provided). One-, two-and three-year survival rates were 84.9, 77.3 and 71.5%, respectively, in the female patients; corresponding figures were 83.1, 76.2 and 65.9% in the males, respectively (P = 0.2) (Figure 1 ).
The comparison of the survival rates of the male and female incident patients who achieved or did not achieve ideal targets (reference values) for several demographic, clinical, biochemical and therapeutic parameters is shown in Table 2 .
In the multivariate analysis, age, tunneled and untunneled catheter usage, BMI, Kt/V, blood pump rate, hemoglobin, serum albumin and calcium values were found to be predictors for mortality (Table 3) .
Prevalent patients
Demographic features
In total, there were 7668 prevalent patients; of these, 4339 and 3329 were males and females, respectively. The number of hemodialysis sessions performed in these patients was 1 599 694. Males were treated by 880 615 sessions; this figure was 719 079 for the female patients. Similar to the incident cases, female patients were characterized by older age and higher BMI (Table 1) . When compared with the reference values, significantly better Fig. 1 . Three-year survival rates in incident (A) and prevalent (B) female and male chronic hemodialysis patients.
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and worse survival rates were noted with higher and lower BMI scores, respectively, in both genders; however, the latter did not reach statistical significance in the females.
Forty percent of the female patients had been on hemodialysis treatment for <1 year; 30% had been receiving dialysis for >36 months. Corresponding figures for the male patients were 43.1 and 27.8%, respectively. Overall dialysis vintage did not reach statistical significance between the genders. There was only one female patient moving to PD modality from hemodialysis, whereas 144 (3.3%) males and 96 (2.9%) females were transplanted (P = 0.278).
Dialysis practice
AVF was used more frequently in males, whereas tunneled and untunneled catheters, and also AVG were used more frequently in females (Table 1) . Usage of AVF was associated with more favorable outcome in both genders when compared with central catheters; however, statistical analysis revealed no survival difference in patients who had used AVF or AVG for vascular access (data not shown).
Similar to the incident cases, Kt/V was significantly higher in females. In both genders, survival rate decreased with lower (<1.2) Kt/V; higher (>1.4) Kt/V was associated with better outcome only in the females.
IDWG/dry weight was 3.3 ± 1.4% in the females and 3.4 ± 1.3% in males, respectively (P < 0.001). An IDGW/dry weight <1.7% was associated with worse survival in both genders; a more favorable outcome was noted in the patients with higher than reference values, however without significance (Table 4) .
Predialysis systolic (124.2 ± 17.5 versus 131.2 ± 17.3 mmHg) and diastolic (73.5 ± 9.0 versus 76.6 ± 8.5 mmHg) blood pressures were lower in the females when compared with males (P < 0.001 for both analyses). Male patients with systolic blood pressures <100 mmHg were characterized by a significantly worse survival, whereas this was not the case for females.
Laboratory parameters, and ESA and vitamin D usage
Laboratory parameters are shown in Table 1 . Univariate outcome statistics revealed the following findings: both genders were characterized by worse survival in patients with hemoglobin values below 9 g/dL. Hemoglobin values >13 g/dL were associated with worse survival in females, but better survival in males, when compared with the cases with hemoglobin between 11 and 12 g/dL. Lower serum phosphorus (<3.5 mg/dL) was associated with worse survival in both genders; males, but not females, were characterized by a better survival with higher serum phosphorus (>5.5 mg/dL). Lower PTH values (<130 pg/mL) were associated with worse survival in both genders. Male patients with higher (>585 pg/mL) PTH values were noted to have better survival. Serum albumin <3.5 g/dL was associated with poor survival in both genders (Table 4) .
ESAs were more frequently used in female patients (75.2%) compared with male patients (65.0%) (P < 0.001). The percentage of patients on vitamin D preparations was higher (56.2%) in females as well, when compared with males (51.6%) (P < 0.001).
Hospitalization and survival
Frequency of hospitalization was more frequent in females when compared with males (31.4 versus 27.7%) (P = 0.001). Overall, 575 males and 463 females among the prevalent patients died, giving rise to mortality rates of 13.9% in females and 13.3% in males (P = 0.4). Survival rates within the first 3 months did not differ significantly between the two genders (data not provided).
One-, two-and three-year survival rates (92.2, 84.1 and 76.6%, respectively) for female patients did not differ significantly when compared with the corresponding figures in the males (92.2, 84.0 and 76.7%, respectively) (P = 0.888) (Figure 1 ). The survival rates, with regard to achievement of several ideal parameters, are shown in Table 4 .
In the multivariate analysis, age, IDWG/dry weight, female gender, AVF, tunneled and untunneled catheter usage, BMI, Kt/V, processed blood volume, hemoglobin, serum albumin, phosphorus and calcium predicted mortality (Table 3) .
Discussion
In this study, we analyzed incident and prevalent patients separately, because many clinical and laboratory features, as well as morbidity and mortality figures, might have differed significantly among these two patient cohorts. Also, this separate analysis might have provided a clue for observing the evolution in demographic, clinical and laboratory features of chronic hemodialysis patients over time. When analyzing survival probability, marginal values were used for some parameters at the expense of neglecting a continuum in their range. As an example, for analyzing the association of survival with hemoglobin levels, values of <9, 11-12 and >13 g/dL were used, while statistics for hemoglobin levels of 9-11 or 12-13 g/dL were skipped. The reason for this policy was to exclude the blunting effects of gray-zone values and focusing on the influence of extreme values on the survival.
Female patients were older in both incident and prevalent cases, reflecting the general trend of higher age in female chronic kidney disease patients [8] . Higher mean age in the incident group when compared with prevalent cases clearly shows that the dialysis population is getting older, as already has been described in other countries [9] . On the other hand, this finding may well be due to a selection bias, because prevalent patients are composed of the survivors, whereas elderly patients might have died previously.
Our data show that in both incident and prevalent patients, when compared with the reference values, higher than ideal BMI was associated with better survival in both genders. The association between BMI and prognosis is controversial; a reverse epidemiology may exist [10] , and low body weight may be a disadvantage for survival [11] . A 'U-shaped' curve has also been reported in younger dialysis patients, which suggests that low or very high BMI is associated with elevated risk for death [12] .
In the present analysis, the frequency of diabetes was higher in the incident (36.8%) when compared with the prevalent (27.7%) cases, possibly because of increasing number of diabetic patients in the general population over time [13] , improved life expectancy in diabetic patients [14] and a progressive increase in the aging population, which is associated with a higher risk of type II diabetes [13] .
Despite varying statistics among different counties, almost universally, fistula usage is more frequent among males [5, 15] , a finding confirmed by this study as well. Difficulties in surgical technique in constructing AVF due to anatomic reasons [16] and more frequent fistula thrombosis due to higher levels of estrogen [17] , and unwillingness of the surgeons because of concerns about higher failure rates, may play a role in the lower AVF usage in the females.
Achievement of IDWG of <5.7% of dry weight is associated with improved survival [18] [19] [20] . Since there are major barriers such as nonadherence with dietary prescription, application of too short or ineffective dialysis or using high sodium-containing dialysates [20] , this target cannot be achieved in many patients. In the present study, in the incident patients, IDWG/dry weight was significantly lower in incident cases when compared with prevalent cases, possibly due to better preserved residual renal function. This parameter was significantly lower in incident and prevalent female patients; the reason for this finding is obscure. In a cross-sectional multicenter comparative study, male sex was found to be an independent predictor for nonadherence to the fluid restriction [6] , although this finding is controversial [21] .
Considering laboratory parameters, controversy exists on gender association with chronic kidney disease-mineral bone disease parameters. In the present analysis, serum phosphorus control was better in females, probably due to more effective dialysis, which results in greater phosphorus clearance [22] , better compliance with diet [23] and/or better adherence to phosphate binders [24] . It has been reported that not only high but also low serum phosphorus levels can be associated with unfavorable prognosis [25] , while a clear association between hyperphosphatemia and increased cardiovascular disease has not been demonstrated in females [26] . Moreover, in the present analysis, hyperphosphatemia was associated with better survival in prevalent male patients. Hyperparathyroidism is associated with morbidity and mortality in dialysis patients [27] ; however, nearly half of dialysis patients cannot achieve KDIGO targets [28] . In the literature, either no difference with regard to gender [28] or more frequent secondary hyperparathyroidism in females [29] has been reported. In the present database, PTH levels of the incident female patients were significantly higher than the males, in accordance with previous reports [29] . However, in the prevalent cohort, males' PTH levels were higher. The reason for this finding is obscure; worse control of phosphorus and less frequent vitamin D usage in men may explain this finding.
Women were more anemic despite more frequent ESA usage, as has been described previously [30] . This finding may just be a reflection of the higher hemoglobin levels in men in the healthy population [31] , while blood and iron loss by menstrual periods in women may be a contributing factor as well [4] .
This study has several limitations: first, its observational nature does not give the opportunity to investigate the cause and effect relationship. Second, deaths occurring more than 1 month after leaving FMC clinics could not be detected and analyzed. Third, there is a lack of information about the comorbidities, and causes of hospitalizations as well as deaths could not be defined definitely from the present database.
On the other hand, this study has several strengths: (i) it reports the results of clinical and laboratory data, which are based on a large number of hemodialysis sessions performed on >10 000 patients; (ii) all of the laboratory parameters were determined in well-standardized laboratories, having regular quality-control audits and certificated by international agencies, hence, the possibility of laboratory mistakes is negligible; (iii) due to the use of advanced technology when entering clinical and laboratory data, mistakes in data registration should be minimal; and (iv) entered records were checked for the accuracy of the data at different levels in order to further minimize mistakes in such a large database.
To conclude, although several parameters vary significantly, survival rates do not differ significantly in male and female hemodialysis patients. This finding may be due to mutual existence of several favorable and unfavorable confounding prognostic factors in both sexes, which may offset each other, hence, in the end, resulting in an overall nonsignificance. Importantly, this article raises also the question of a unique target for all patients in the various recommendations. Focusing on the correctable parameters in each sex, and individualizing treatment protocols, may improve the ultimate outcome in both female and male hemodialysis patients.
